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This thesis study investigates the environmentally, economically and socially viable 
options building materials for Western Australian community. Building construction 
has significant impact on the environment. Almost 23% of GHG emission comes 
from building Industry. Therefore material selection should be carefully considered. 
 In this research, a typical 3 bedroom, 2 bathrooms, 2 garage detached single storey 
house plan located in Perth, was considered as a case study house. 
The first objectives of this research were to develop a comparative analysis of four 
different building materials (Clay-fired Brick, Steel, Precast Concrete and Timber). 
The estimated results showed that the least total estimated cost and least embodied 
energy of material is timber cladding house with $191200 and 188.4 Giga Joule.  
A secondary objective was to identify energy efficient house using a building 
software IES-VE (Integrated Environmental Solutions Virtual Environment). The 
results indicated that Steel cladded house shows minimum (6.63 degree Celsius) and 
maximum air temperature (49.3degree Celsius) inside the house (assume doors and 
windows of the house is closed).  
Third objective was to identify life cycle assessment using eTool. The environmental 
impacts were assessed using eTool, over a life cycle of 45 years. The results indicated 
that Timber cladded house shows high embodied energy (1504 GJ) compared to other 
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CHAPTER 1: INTRODUCTION 
 
1.1 Research Aim 
 
This project’s aim is to investigate the cost efficiency and sustainability of different 
building materials used in WA. The environmental impact of current building material 
choices in WA is not well understood. The research will be based on a case study floor 
plan of a single detached house. The research results will be used to provide 
recommendations to improve cost effectiveness and sustainability within LandCorp’s 
housing designs.  
1.2 Project Description 
 
Current standard building materials, such as brick, are not eco-friendly and may have 
adverse effects on the surrounding natural environment and community well-being (Le 
and Oanh 2010, 381). Hence, the purpose of this thesis project is to analyse different 
types of building materials that will help reduce environmental impact. The results of 
this project may produce practical building recommendations; therefore, the research 
will also have a strong focus on the cost-effectiveness of potential sustainable materials 
with pre-defined goals regarding the requirements set by Murdoch University as well as 
LandCorp Strategy and Innovation Team and Design Manager. 
  
LandCorp is a West Australian Government specialist land and property development 
agency which has been engaged in the land development industry for the last 25 years. 
The agency has been involved in numerous industrial, residential and commercial 
projects in Western Australia (WA), including White Gum Valley (WGV) Sustainable 
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Community Development and Alkimos Beach residential projects. LandCorp’s vision is 
“To lead land development on behalf of the State Government for the benefit of the 
Western Australian Community” (LandCorp 2014/ 2015). 
1.3 Scope 
 
The project will analyse four different building materials, based on a case study of a 
house plan investigating the potential for improving sustainability and cost-
effectiveness in LandCorp’s housing designs in WA. The project will also contain a list 
of the materials, and will include information advising LandCorp on how to 
communicate the advantages of the sustainable materials to future customers.  
The project results may assist in enabling others to make future sound engineering 
decisions regarding sustainable residential building designs, which will have positive 
impacts on the environment and community health.  
1.4 Research Objectives  
 
1. To estimate environmentally, economically and socially viable option building 
material for the Western Australia community. 
 
 Analyse four different design options (building materials) via a case study house 
plan. 
 Perform cost analysis on different materials using Microsoft Excel 2010. 
 Use a house plan to determine the embodied energy calculations of materials using 




2. To identify energy efficient house using a modelling tool. 
 
 Creating a 3DModel house using modelIT (IES-VE 2017) analysis tool. 
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 Solar shading analysis using SunCast (IES-VE 2017). 
 Material thermal analysis and performance using Apache (IES-VE 2017). 
 
3.  To estimate the life cycle environmental impact of the building using eTool. 
          
  Estimating the embodied energy of materials, transportation, construction, and  
end of life using the eTool. 





The project limitations are identified below.  
 
1. Housing design and size assumptions.  
2. Material choice constraints.  
 
Firstly, the project will focus on a house plan based on popular designs, as opposed to 
sustainably designed houses. For example, a house built around a courtyard has 
considerable environmental benefits compared to a standard design. Also, some of the 
building plan cannot be disclosed (commercial confidentiality), and therefore the 
project will assume a low- to medium-scale house plan. Secondly, the project brief 
(from LandCorp) identifies that new building materials are not to contain volatile 
organic chemicals (VOCs). Therefore, the project will try to avoid materials on the ‘red 
list’ section of ‘materials containing chemicals with various adverse effects’, within the 
WGV(White gum valley, LandCorp) design guideline materials (WGV Design 
guidelines 2016).  
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CHAPTER 2: LITERATURE REVIEW 
 
2.1 Introduction  
 
All building materials have an environmental impact, which can occur at any life cycle 
stage, during, for instance, extraction, manufacturing, transportation, construction and 
demolition. The total environmental impact of the building’s material throughout this 
process is referred to its ‘embodied energy’ (Cabezza 2013). Certain building materials 
may cause health problems to residents and users, a problem known as ‘sick building 
syndrome’ (SBS). Common causes for such reactions can arise from volatile chemicals 
that exist within paints, adhesives, carpets and vinyl (RSMeans 2010). In contrast, 
characteristics of eco-friendly building materials have low embodied energies, are 
sustainable, exhibit low water usage, present low carbon/GHG emissions and produce 
minimal waste during construction and demolition (Pacheco-Torgal et al. 2013). With 
the global population increasing and more people choosing to live in high-density cities, 
there will be a significant increase in urbanisation and the built environment (UN 2014). 
Selecting eco-friendly materials will help create a better sustainable built environment, 
economy and social outcomes (Nachawit 2012).  
 
The following literature review will discuss the four building materials to be 
investigated in the research project, as well as cover historical/native eco-friendly 
building materials, current trends and the analysis methods to be used. The analysis will 
incorporate the ‘triple bottom line’ in considering the environmental, social and 
economic aspects of the proposed materials. The purpose of conducting such a material, 
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cost and embodied energy analysis for the different materials is to determine their 
potential role in sustainable development in Western Australia (WA).  
 
2.2 Background  
 
According to Western Australian planning commission, the current population of 
Western Australia is 2.5 million which is expected to reach 5.6 million by 2056 
(Department of planning  2014). Urban re-zoning will be critical in ensuring that land 
stocks can be sustained (WA Planning Commission 2016). Due to rapid urbanization 
the current housing development (8.7 million houses) is expected to reach 12 million 
houses by 2030. Almost 23% of GHG emission is coming from Australia’s building 
industry; the commonly used building materials (bricks) are high in energy and carbon. 
As a result this will have detrimental effect on the environment such as global warming 
and other major consequences (Lawania et al. 2015).Future development housing 
projects should look to reduce their impact on the surrounding environment. 
 
Figure 1. Western Australian Map 







2.3 Sustainable Building Materials  
2.3.1 Project materials   
 
The building materials to be investigated are listed in Table 1. The materials proposed 
include popular and unpopular building materials in WA.  
  
Table 1.  Project materials. 
(Source: Author, Adapted from literature reviews) 
 Building 
Material  
       Advantages   Disadvantages  
1 Clay fired bricks High thermal mass, low 
maintenance. 
High embodied energy. 
2 Metals Recyclable, Durable. High embodied energy, 
expensive. 
3 Precast Concrete High thermal mass, speed 
of construction, minimal 
waste. 
Cost, high embodied 
energy. 
4 Timber Biodegradable product, low 
embodied energy. 




Clay fired brick 
Clay fired brick is a popular construction material for houses in Australia and is more 
suited to WA’s sandy soils compared to concrete. Furthermore, it is an excellent sound-
proofing material; moreover, it is fire resistant and a thermal insulator (Master Builders 
2017). Consequently, clay fired brick construction is widely used in Australia, as it 
requires less maintenance, has high durability, contains good thermal properties, and is 







Metals are a highly durable building material, have zero wastage and are a completely 
recyclable product (CPD Accreditation Service 2017). Metals are commonly used for 
tubing, roofs or building structures, which mostly consist of aluminium, copper, 
stainless steel and carbon steel. Steel decking is a long-lasting product that continues for 




Concrete is an essential material for the construction industry, and it is one of the most 
widely used resources in the world (Pacheco -Torgal et al. 2013). While concrete is 
typically cast out on site, precast concrete is poured, moulded and set in a 
manufacturing plant, from which then concrete pieces can be transported to the 
construction site (McGee 2013). Concrete is made from three basic materials, which are 
typically available locally all over the world (sand, gravel, cement); moreover, concrete 
does not require chemical treatment (McGee 2013). Precast concrete construction is 
another solution for durable floors, walls, roofs and multi-storey residential apartments 
(Reardon 2013). The benefits of precast concrete include reduced waiting times 
(concrete is already set/weather independent), reduced workforce and increased control 




Timber is well established in the construction industry; it is also biodegradable and can 
be prepared with minimal chemical processes (Sassi 2006). However, the quality and 
type of timber differs between forests and locations. Therefore, the transportation of 
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timber across global markets increases their impact on carbon emissions (Ramage et al. 
2017). Timber construction is a truly sustainable material and an excellent thermal 
insulator; thus, it has the lowest environmental impact (Reardon 2013). 
Insulation 
 
According to insulation installation for a metal roof, bulk insulation such as  glass wool 
is good for Perth’s climate. It reduces condensation as well as noise on the roof (Mosher 
2013).  Glass wool fibres  is a mixture of spun fibres of glass.It is more effective in 
building projects  for  walls and roof insulation (National Institute of Environmental 




 Glass operable walls and double-glazed windows are used in this case study house. 
However, this also adds to embodied energy contribution. Double-glazed windows are 
good for Perth’s climate (Reardon 2013). Glass windows are a major contributor to heat 
loss and gain in most cold countries. Double-glazed windows are used for this case 
study to reduce heat loss and gain. It is also an energy efficient choice the sealed air gap 
of double-glazed windows functions as insulation. Hence, double-glazed windows are 
an ideal choice rather than single-pane windows (Taleb 2014)  
 
Ko et al. (2013) conducted an inter-industry analysis on ‘Rahmen’ or frame-structured 
buildings in Korea. The researchers investigated how using precast concrete beams 
reinforced with T-type steel could reduce emissions from bearing walls in apartment 
buildings. Ko et al. (2013) discovered that precast concrete/steel structures emit lower 
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levels of CO2, have faster construction times and are more structurally sound compared 
with traditional concrete bearing walls.  
Colorbond 
Colorbond, a coated steel roofing material is also known as steel-ribbed decking, which 
is colour coated; it is also among the biggest contributors to embodied energy. 




Plasterboard is also known as gypsum plaster, It is commonly used in walls and ceilings 
of buildings.It is cheap,good thermal insulation, versatile, low environmental impact, 
fire resistant but not water resistant (Kolaitis et al.2017,23-35). 
 
Fibre cement sheet 
Fibre cement sheet is also used for wall cladding. It is made up of cement, sand and 
fibre (plantation) (Lupsea et al.2014).  
 
 
2.4 Historical Building Construction  
 
Construction materials are no exception to technology advances and have improved and 
evolved (Ko et al. 2013). Investigating historical building materials highlights local 
resources before globalisation, thus focusing on that which may be more sustainable to 
a local economy. Pre-European settlements in Australia by Indigenous peoples were 
confined to local materials to create shelters. Types of materials and structures vary 
depending on the region and climatic conditions. In WA, dome-shaped shelters were 
10 
 
commonly crafted, using grass and mud for waterproofing. Such shelters (Figure 2) 
were used as temporary homes as well as permanent structures along the Swan River 
(Gardiner and Wells 2008). 
 
 
Figure 2. Traditional Indigenous dome structures. 




Troy (1995) analysed changes in building technologies during the 19
th
 century in 
Australia. The use of bricks, galvanised iron, woodworking machines, and prefabricated 
doors and windows had all been adopted from other countries (Troy 1995). In addition, 
the use of terracotta roof tile, detached house with garden, durable, low-maintenance 
homes occurred throughout the early 19
th
 century, during the ‘Federation houses’, as 





Figure 3. Australian Federation house (Australian architecture 2016). 
 (Source: Gardiner and Wells 2008) 
http://www.australia.gov.au/about-australia/australian-story/austn-architecture) 
  
Dili et al. (2010) analysed the sustainability of traditional and modern houses in Kerala, 
India (Figure 4). These traditional houses were built 200-300 years ago, one of them 
being the ‘Nilambur Kovilakam’ building, located in the north of Kerala India. The 
researchers investigated how these buildings maintained a constant cool temperature, 
despite outdoor temperatures reaching 30°C. The structure of traditional buildings in 
Kerala is known as ‘naalukettu and ettukettu’, referring to a structure that consists of 
four or eight blocks in one building. The buildings include a central courtyard, allowing 
for sun, rain, and wind exposure. Dili et al. (2010) identified common materials 
including mud, laterite, granite stone and lime mortar for walls, wood and bamboo for 





Figure 4. Above: Location of Kerala, India. Below: Nilambur Kovilakam 
 (Source: Google Maps 2017a). (Source: City Guide n.d.) 
 
 
2.5 Current Trends in Green Building Materials  
 
Eco-friendly building materials are essential to sustainable development and are gaining 
a bigger role in the construction industry. Vancouver architect and interior designer, 
Michael Green is at the forefront of carbon-neutral buildings (Real estate monitor 
worldwide 2015). Green designs often use timber structures as opposed to concrete and 
metal, therefore allowing carbon sequestration and reduced emissions. Green won the 
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2016 Wood Design Award and the 2017 Special Achievement Award for his seven-
story, 20438 m2‘T3 Minneapolis Project.’ The T3 is the largest modern timber building 
in North America, with the purpose of using the character of the past with a modern 
twist. Green demonstrated how a modern timber structure can be used to replace metal 
and concrete materials, providing fast, clean and sustainable housing. Mass construction 
with timber can be implemented using new technology and engineered materials, such 
as nail-laminated timber panels and spruce glulam beams (Smith 2017).  
Hybrid structures, consisting of timber with other materials, have been gaining 
attention. Shigeru Ban, a Japanese ecological architect, has designed the tallest hybrid 
timber structure in the world, named ‘Terrace House’, in Vancouver. While the full 
structure has not yet been disclosed, the proposed images display a glass building fitted 
with a sloped roof. Ban is a well-known ‘paper architect’, incorporating materials such 
as cardboard, paper and beer crates. Using low-impact recycled materials is beneficial 
to the environmental, through reducing waste, lower emissions and carbon storage 
(Sayer 2016). 
Urban development also considers expansion of non-residential buildings. The new Co-
operative Group headquarters, ‘One Angel Square’, in Manchester, has scored a 
95.16% on sustainability according to the BREEAM standard. The building is designed 
by 3DReid, and it boasts an open atrium and a double-skinned facade, allowing for 
natural cooling and heating and lighting (BREEAM 2017; Boake 2003). BREEAM or 
‘Building Research Establishment Environmental Assessment Method’, founded in 
1990, is the world’s first sustainability assessment method for the construction industry. 
The project’s objective is to achieve a 40-60% reduction in energy costs, as well as to 
set the standard for offices in the United Kingdom (UK). The building modifies itself, 
with the top facade open in summer, allowing for air circulation and cooling, while 
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closed in winter and thus performing as building insulation. The structure combines 
traditional building materials (steel) with new technologies to create one of the largest 
sustainable buildings in Europe. The design also consists of heat recovery systems, grey 
water recycling, rainwater storage and the use of energy efficient technology (e.g., lifts, 
lights) (BREEAM 2017).  
2.6 Measuring Impact  
 
2.6.1 Software analysis  
 
High-performance buildings incorporate energy efficiency, durability, life cycle and 
user productivity. To determine if the materials can create a high-performance building, 
this research project will run environmental simulations as well as build performance 
and energy analysis. These simulations are critical to the design process for energy-
efficient buildings, as they can investigate material alternatives and compare the 
environmental impact of each decision. IES-VE (Integrated environmental solutions 
virtual environment) design software is a building analysis and energy modelling tool. 
IES-VE tool is used to analyse various design options and evaluate environmental 
performance and energy impact. For example, the software can be used to compare low 
carbon technologies for buildings or assess passive house designs (Aksamija 2017).  
Samia Mhenni, a Dr Owainati student excellence award winner, conducted a multiple 
simulation on an office building in U.A.E using IES-VE to determine solutions to solar 
passive design and reduce energy consumption of office buildings. The project 
investigated 3D modelling to utilise east, west, north and south potential solar energy 








   
2.7 Life Cycle Analysis (LCA) 
 
EIAs cover the whole supply chain of materials, considering their complete embodied 
energies from extraction to disposal. To assess building materials, the ‘Environmental 
Product Declaration’ (EPD) focuses on constant reporting and provides transparent 
information on material lifecycles (Strong and Burrows 2016, 46). 
 The EPD system is based on the environmental declarations from International 
Organisation for Standardisation (ISO) (EPD 2017). Alternative software tools are also 
able to determine life cycle impact, such as ‘eTool’. eTool evaluates a range of 
environmental impacts on different building materials and has access to vast amounts of 
material life cycle assessment data  
Most of the eTool studies are used for determining embodied energy and global 
warming emissions of building materials. eTool can determine different ranges of 
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environmental impact of each building material such as products, end of life, recurring 
and transportation (Lawania 2016). 
The embodied energy of material is calculated considering the whole life cycle analysis 
of materials by eTool in kWh; it includes transportation energy of materials, 
replacement energy, end of life of the product and other calculations. Operational 
energy such as cooling, heating, appliances and lighting energies are not included in 
this stage.  
Greenhouse gas emissions are another major contributor from the building industry.  It 
is measured as kgCO2 emissions. GHG (Greenhouse gas) emissions contain carbon 
dioxide, methane and nitrous oxide which are very harmful for our global climate 
(Moncaster and Symons 2013).  
Case studies (eTool) 
David Barr, an architect who won the step up Gen Y competition award, LandCorp 
White Gum Valley, Perth for sustainable residential house, used eTool life cycle 
assessments for a project which helped to determine (kgCO2) emissions from building 
materials. He estimated that a building has low carbon emissions at an estimated 64 
kgCO2 of emissions per occupant per year. The building uses low embodied energy 
materials such as of low-impact timber framing, concrete slabs, recycled bricks and 






Figure 6. Gen Y Housing LandCorp, White Gum Valley 
 (Source: http://etoolglobal.com/portfolio-item/gen-y-living/) 
 
At 79 Kitchener Road, Melville, a Life Cycle Assessment has been carried out for 
calculating greenhouse gas emissions. The house is 160 m^2 land area with a two-
bedroom house, guest room and a music studio. It consists of a north-facing central 
courtyard with a small concrete pool. The western and northern walls of the house (79 
Kitchener Road, Melville) are reverse brick veneer. Floorings are concrete, taking 
advantage of thermal mass. The balance of the house is insulated timber frame with 
cladding walls. Roofs are aluminium framed. Glazed windows and plywood cabinets 
are other features in this house. This house saved 74% of total carbon emission per 
year. (eTool case studies 2015).  
As per the literature review, it can be concluded that there are different type of climate 
and culture around the world and as per their cultures and climatic condition people 
develop their houses. This can be understood with the help of an example. The type of 
houses that are developed in Kerala, India it buildings named Nilambur Kovilakam. The 
type of materials which are used includes laterite, mud, lime mortar and granite stone. 
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This type of structure is helpful enough to make sure that the temperature is low inside 
when compared with the temperature outside. 
 In order to develop any type of building, it requires certain period of time. 
Improvement in technology has helped in reducing the total time that is required. 
Improvement in technology is done so that high and better quality of services can be 
delivered to clients. In construction there is negative impact of environment. For this 
area, there is proper environmental assessment done and this covers whole supply chain 
for the materials, this starts from extraction to disposal. In construction, at the initial 
stage proper analysis is to be made for the type of materials that will be required. This is 
helpful to determine the total cost that will be incurred. More specifically, people make 
use of environmental product declaration. This is helpful to focus on the constant 
reporting. Further, there is condition that is identified in which the construction that is 
made does not go with the plan that is developed. This type of issue is faced due to lack 
of monitoring. All the people involved in construction should be aware of the roles and 
responsibilities that are has to be performed by them.  
 









CHAPTER 3: RESEARCH METHODOLOGY 
3.1 Introduction 
 
The following approach has been used to meet the objectives of the project. The 
building materials will first be assessed using a wide range of literature, which provides 
information about the sustainable materials. Materials have been selected according to 
the building codes of Australia (Reardon 2013). The selection of materials is an 
important aspect in the development of a building’s design. There are a few steps that 
need to be followed for material selection, particularly when environmental 
sustainability and cost effectiveness are priorities: firstly, local availability of the 
building material; secondly, the material’s suitability for the design; and thirdly, the 
properties of the material having the appropriate strength and elasticity. 
The development of this thesis was based on the case study, the literature review, and 
the data analysis. This chapter will discuss four different material analyses on a three-
bedroom, two-bath room house plan as a case study for the research using the IES-VE 
modelling tool, eTool, and Microsoft Excel. It will then describe the methodology for 
applying these tools to achieve the objectives shown below for attaining a cost-
effective, sustainable house in Western Australia. The information has been collected 
from a variety of sources, including builders, building material shops and software 





Figure 7. Climate classification maps 




3.2 Material Analysis, Modelling, and Life Cycle Assessment 
Four different materials commonly used in WA housing were be compared for building 
a sustainable residential project: 
 Clay fired Brick  
 Metals (Steel) 
 Precast Concrete 
 Timber 
 
Microsoft Excel 2010 was used for the estimation of costs and embodied energy 
calculation using Rawlinson’s Australian Construction Handbook, 2015 (Rawlinsons 
2015). Also, Integrated Environmental solutions virtual environment modelling (IES-
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VE 2017) software was used for generating the 3D building geometry, solar shading 
analysis and thermal calculation and simulation for the case study building. 
The material data were used to estimate the embodied energy and global warming of the 
case study house using eTool, which is a very effective environmental life cycle impact 
tool that evaluates the whole life cycle of a building, including embodied energy (MJ), 
and determines the total global warming (kgCO2-eq). 
3.3 Case Study House 
The aim of this thesis is to provide an economically, environmentally, and sustainably 
viable residential building material. In addition to sustainability, each feature of 
materials was considered in terms of the triple bottom line method. 
In this thesis, the potential of different building materials to reduce embodied energy 
and to make residential building construction more economically, environmentally, and 
socially viable has been investigated, through an analysis of a single-storey detached 
house, which consisted of three bedrooms, a living area, a home theatre, a laundry, 




Figure 8. .Ground floor plan of case study building.  
 (Source: Adapted from Dream Start Homes). 
(http://dreamstarthomes.com.au/new-homes/lot-width-15m/dream-series/dream-octavia/) 
                       
                 
  
Table 2. The specifications and calculated area of case study house. 
 (Source: Author) 
Specifications Area(𝐦𝟐) 
 / Numbers 
Total outside wall area 150.8 
Total inside wall area 122.9 
Total floorings 163.1 
Glass operable walls 13.7 
Standard timber doors (Nos) 8 
Double glazed windows 27.9 
Total roofing 187.7 
Total painting area 396.6 
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3.4 Four Different Design Options: Materials Used in the 
Case Study House Construction. 
 
3.4.1 Design Option 1: Clay fired Brick 




Floor finish Timber hardboard floor finish 
External walls Double layer of clay fired bricks 
Internal walls Single layer of clay fired bricks 
Wall insulation Glass wool (R-1.5) 
Roof Timber framed with steel-ribbed decking 
Roof insulation Glass wool (R-4) 
Windows Double-glazed windows 
Doors Timber 
 
Floors for the clay-fired brick house are concrete, 100mm in thickness, with a timber 
hardboard floor finish, 5.5mm in thickness. The external walls are double layer  of clay 
fired bricks 270mm total  thickness(cavity wall in two 110 mm skins) with glass wool 
insulation of material R –value 1.5 while the internal walls are 110 mm in thickness, 
with cement rendering. All the east, west, north, and south side windows are double-
glazed. The roofing is timber-framed, with steel-ribbed decking and glass wool 
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insulation of material R-value 4, with a 50-year lifespan (eTool 2016). Glass operable 
walls and standard timber doors are the other features in the house (Rawlinsons 2015).  
              
Figure 9. Image for a clay fired brick home and cavity wall insulation 
 (Source: Adapted from Executive fired clay brick homes Modern Ghana) 
(https://www.modernghana.com/estates/24384/317/executive-fired-clay-brick-homes.html) 
(Source: Wall Insulation by Spray Foam Solutions.) 
(http: //www.foam-insulation.com.au/cavity-wall-insulation/) 
3.4.2 Design Option 2: Steel 





Floor finish Timber hardboard floor finish 
External wall Steel frame with metal cladding 
Internal wall Steel frame with metal cladding 
Wall insulation Glass wool (R1.5) 
Roof Timber framed with steel-ribbed decking 
Roof Insulation Glass wool (R4) 





Floors for the steel framed metal cladding house are concrete, 100mm in thickness, with 
a timber hardboard floor finish of 5.5mm in thickness. External and internal wall 
materials include steel frames, 0.8mm in thickness, with metal cladding and a glass 
wool insulation of material R-value 1.5. Roofing is timber-framed, with steel-ribbed 
decking and a glass wool insulation of material R-value 4, with a 50-year lifespan 
(eTool 2016). Standard timber doors, operable glass walls, and double-glazed windows 
are generally on all sides of the building (Rawlinson 2015). 
            
Figure 10. Image for a steel-framed metal cladding house and wall insulation 
 (Source: Adapted from Montage 24ModernHomeswithExteriorMetalCladding, 2013) 
(http://stylecarrot.com/2013/10/24/montage-18-modern-homes-exterior-metal-cladding/)  
3.4.3 Design Option 3: Precast Concrete                                                                    





Floor finish Timber hardboard floor finish 
External Wall Precast concrete 
Internal Wall Precast concrete 
Wall Insulation No Insulation 
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Roof Timber framed with steel ribbed 
decking 
Roof Insulation Glass wool(R4) 
Windows Double glazed windows 
Doors Timber 
Floors for the precast concrete house are 100mm in thickness, with a timber hardboard 
floor finish, 5.5mm in thickness. External walls are precast concrete wall panels, 
200mm in thickness with smooth finish both sides, and internal walls are precast 
concrete wall panels, 150 mm in thickness (Rawlinson 2015). All the east, west, north, 
and south side windows are double-glazed. The roofing is timber-framed, with steel-
ribbed decking and glass wool insulation of material R-value 4, with a 50-year lifespan 
(eTool 2016). Paintings, glass operable walls, and timber doors are the other features in 
the building.  
                        
Figure 11. . Image for a precast concrete house and wall panel. 
 (Source: http://www.reid.com.au/News/Precast_Panel_Homes.aspx) 
3.4.4  Design Option 4: Timber 






Floor finish Timber hardboard floor finish 
External Walls Timber frame with hardwood cladding 
Internal Walls Timber  frame with hardwood cladding 
Wall Insulation Glass wool (R-1.5) 
Roof Timber framed with steel-ribbed decking 
Roof Insulation Glass wool (R-4) 
Windows Double-glazed windows 
Doors Timber 
Floors for the timber house are concrete, 100mm in thickness, with a timber hardboard 
floor finish, 5.5mm in thickness. External and internal walls are timber frame with 
hardboard timber cladding, 25mm in thickness, and glass wool insulation with material 
R-value of 1.5. The roofing is timber-framed, with steel-ribbed decking and glass wool 
insulation of material R-value 4, with a 50-year lifespan (eTool 2016). Operable glass 
walls, standard timber doors, and double-glazed windows are other features in the 
building (Rawlinsons 2015).  
                 
Figure 12. Image for a timber framed house and wall insulation. 
 (Source: Modern Timber frame house). 
(http://itsokblog.com/modern-timber-frame-houses-building-techniques/modern-timber-frame-
houses-image/) 
             
                                                                         
28 
 
3.5 Microsoft Excel 
 
 
Cost estimation and embodied energy (materials) calculation of four different design 
options are done in Microsoft Excel 2010 using Rawlinson’s Australian Construction 
Handbook data (Rawlinsons 2015). Total cost is estimated using area and cost per metre 
square of each type of building material. Cost estimation for each option is shown in the 
Results section Table 10. 
                                    Equation 1 
 
𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 = 𝐶𝑜𝑠𝑡/(𝑚2) × 𝐴𝑟𝑒𝑎(𝑚2) 
To analyse the possibilities of sustainable building materials, embodied energy is 
calculated using the mass of the respective material (density × volume) in (kg) used in 
each area (m2) multiplied by the respective embodied energy (MJ/kg) of each material. 
The sum of embodied energy values represents total embodied energy for the building, 
as shown in the Results section Table 11. 
An example of how the calculation was carried out to obtain the embodied energy value 
of building materials is shown below. 
                                    Equation 2 
∑∑ 𝐸𝐸 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙(𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡)𝑖 =𝑛𝑖=1 ∑ [𝑉𝑜𝑙𝑢𝑚𝑒(𝑚







)] (𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡)𝑖  
 





3.6 IES-VE Model Tool 
3.6.1 Introduction 
 
IES-VE (2017) was used to analyse simulations of the performance of buildings and 
energy modelling for existing buildings, renovation, or new constructions. IESVE is 
used by architects, engineers, urban planners, interior designers, and energy and green 
building consultants to design and evaluate energy-efficient buildings (IES-VE User 
Guide 2017). 
For expanding a model in the virtual environment programme (VE) software, the 
geometry of the case study house was needed for drawing the 3D model of the house in 
the IES-VE software. Thus, the house’s information, including building measurements, 
was added to carry out this case study as a modelling tool for determining the 3D 
modelling and thermal analysis of the case study house. 
For the 3D model construction, thermal analysis of house, and solar shading, IES-VE 
software was used. More specifically, a modelling tool known as ModelIT was used to 
determine basic geometries. Also, in investigating the 3D modelling of four different 
design options houses, the researcher used SunCast for solar shading analysis and 
Apache for thermal calculations and simulation.  
 
Table 7. Shows the Applications and Function Performance in the IES-VE Modelling 
Software 





ModelIT Building Modeller 
SunCast Solar shading Analysis 
Apache Thermal calculation and simulation 
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3.6.2  IES-VE Modelling Procedures 
 
Firstly, the virtual environment programme starts with a blank model space initialised 
using the ModelIT workspace. To select the specific selection of the model, the 
application navigator bar on the left-hand side of the blank model space is used. The 
application specific toolbar is at the top of the blank model space. The toolbar is on the 
upper left of the blank model space. The 3D modelling of the house, solar shading 
analysis, and thermal calculation and simulation process is carried out as described 
below: 
 Location of the case study building can be set using the APlocate module in the 
Tools pull-down menu. 
 The structural floor plan of the case study house was drawn on the blank model 
space of the virtual environment using ModelIT. 
 All the rooms, windows, doors, and roofs can be created using the application 
specific toolbar. 
 Materials for the selected building elements are assigned using the Assign 
Texture function. 
 3D modelling of the case study building can be generated using the model 
viewer in the generic toolbar. 
 Solar shading analysis, sun path images and animations can be generated using 
SunCast. 




3.6.3  Case Study: Single Storey House - General Description 
A single, detached, one-storey house in Perth (Latitude: 31.93S, Longitude: 115.97E) 
was used as a case study for this research. APLocate (ModelIT) was employed for 
location and weather data. The case study house is a single residential detached house, 
separated into eleven rooms including three bedrooms, two bathrooms, a home theatre, 
a living room, a garage, an alfresco, and a laundry. 
The orientation of the house’s living room is due north, and the house is located in 
Perth, Western Australia. According to the Building Code of Australia, there are seven 
standard geographical classifications for Australian climate zones, and Perth is in zone 
five: warm temperate. The main characteristics of this zone are a moderate diurnal 
temperature range near the coast to a high diurnal range inland; four distinct seasons, 
where summer and winter can exceed the human comfort range; spring and autumn are 
ideal for human comfort; mild winters with low humidity; and hot to very hot summers 
with moderate humidity (Horne and Carolyn 2008,121). 
Table 8. AP Location Using IES-VE  
(Source: IES-VE, 2017, student version). 
Location Perth Airport, Australia 
Latitude 31.93 S 
Longitude 115.97 E 
Elevation(m) 20.0 
Time zone (hours ahead of 
GMT) 
8 
For designing the 3D model in the model viewer, the designing can be done using Prism 
drawings. The grid settings are used for aid in model creation for example,   x-axis 
0.1000 and y-axis 0.1000. All the rooms can be created using ‘draw extruded shape’ 
from the application-specific toolbar to the case study floor plan. Adjacent rooms can 
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be connected using ‘connect the merger space’ in the application toolbar. For 
generating the roof for the whole building, select all the room areas on the drawings 
created in the model space and then select ‘generate roof for the selected spaces’ in the 
application toolbar. For adding windows, doors, and openings, select ‘add windows, 
add doors, and add hole’ from the application toolbar, and insert values for the width 
and height of the windows, doors, and holes, e.g. the base height 1.00, width 2.5, and 
height:1.100.  All the closed rooms need to be connected to the roof using 
connect/merger spaces in the application toolbar. 
 
 
Figure 13. IES-VE Model blank space page and ModellT work space. 
(Source: IES-VE, 2017, student version). 
 
Tool Bar Applications &Navigator 
Model Browser 





3.6.4   3D Modelling View of the Case Study House from the IES-VE 
Tool 
Using the calculated area and volume of the case study house, a 3D model of the clay 
fired brick house is generated in the ModelIT workspace. Similarly, we can repeat the 
same procedure for the other three options. 
 
Figure 14.  Floor plan of case study house drawn in Model Viewer model space 
 (Source: IES-VE, 2017, student version). 
  
For assigning different types of material texture, ‘building template manager’ was 
selected in the generic toolbar and then selected construction. If materials need to be 
changed, then ‘Apache construction database’ can be edited to the requirements in the 




Figure 15.  Apache construction using Building Template Manager. 
 (Source: IES-VE, 2017, student version). 
 
 
Figure 16. Project construction using Building Template Manager. 
 (Source: IES-VE, 2017, student version). 
 





Figure 17. IES-VE software showing the 3D view of the proposed case study house 
based on the respective floor area. 
 (Source: IES-VE, 2017, student version) 
  
3.7 SunCast 
Solar shading analysis performance was determined using ‘SunCast’ in IESVE, which 
is essential in the modelling stage to understand the effect of sun intensity and the 
exposure of the building. The simulation can be done through ‘calculation’ in the 
application toolbar, and then selecting ‘solar shading’ in Apache. The SunCast 
simulation results are generated by selecting the start button of solar shading 





Figure 18. Solar shading report using SunCast 
 (Source: IES-VE, 2017, student version) 
  
 
Figure 19. Analysis of sun shading during 01/January to 31/December using SunCast 
 (Source: IES-VE 2017, student version). 
  
The animated views of the sun path and shadows can be viewed using the solar arc 
on/off and component shadows buttons, which show the sun path and shading of the 




Figure 20. Solar shading analysis using SunCast of the 3D model 




In Apache, thermal settings can be changed in CIBSE loads. The CIBSE load is 
calculated and the Apache simulation result is then generated. The air temperature of 
the house can be determined with the help of the generated result. 
Automatic shading file generation is produced using ‘load shading result’. The 
maximum, mean, and minimum temperature inside the house can be determined using 
the ‘Synopsis’ key in the application toolbar. CIBSE load result is used in the Apache 





Figure 21. CIBSE  load using Apache. 
 (Source: IES-VE, 2017, student version). 
 
 
Figure 22. Air temperature graphs for the whole year can be generated using an XY 
plot. 
 (Source: IES-VE, 2017, student version). 
  
 
A table showing calculated total R- value (Material Resistance value), U value 
(Reciprocal of R-value), thickness regarding the simulated building materials using 
IES-VE, are shown below in Table 9. The other three different design options results 
are shown in (see Table 28 to 31, Appendix B)  
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 Table 9. Showing the Thermal constructions used within the clay fired house model 
(Source: Author, IES-VE 2017) 
Category Materials U value(W/𝐦𝟐K) R-value 
(K 𝐦𝟐/W) 
Thickness(m) 
Ground Floor Concrete 0.2226 4.3353 0.2682 
Internal ceiling floor Wood 1.0477 0.7203 0.2825 
External wall Clay fired Brick 0.2594 3.6778 0.2089 
Internal Partition Clay fired Brick 1.8754 0.2990 0.0750 
Door Wood 2.1659 0.2846 0.0370 
Roof Steel-ribbed 
decking 
0.1794 5.4163 0.3170 
 
3.9 eTool 
Building constructions are responsible for one-fifth of GHG emissions in Australia 
(McGee, 2013). In this sense, buildings are a primary source of GHG emission. Hence, 
it is important to evaluate good solutions for reducing the energy usage of building 
constructions and develop a new approach for a sustainable environment (Rauf and 
Robert, 2015 140).  
To investigate the relationship between global warming and the embodied energy of 
four different design options houses, eTool is used. The embodied energy and GHG 
emission of a single detached residential building was calculated for a building service 
life cycle of 45 years (eTool 2016). The life cycle assessment study was conducted by 
eTool ISO14044 and EN15978 (European Standard). eTool is used to investigate the 
life cycle impact of buildings. It is free software, but one needs to register to access it.  




Figure 23. Picture of LCA description in e-Tool 
(Source: Life cycle assessment, certified energy, 2016) 
  
 
The life cycle assessment of the case study house for different design options was 
carried out as described below.  
Firstly, at the start-up of the e-tool LCD, a new project page is initialised (see Figure 
23). 
 In the project section, the land area, house address, project name, and building 




Figure 24. Screenshot of description page in e-Tool.  
 (Source: eTool, Author) 
  
 In the next step, the structural information of the design options of the building 
needs to be added to know the selection of materials, scope, and description of 
the building. 
 
Figure 25. Screenshot of structural information in e-Tool.  





 The third step is to find design criteria by adding building descriptions, such as 
the area of the house, storey, fully-enclosed areas, and non-enclosed areas. 
 The fourth step is to add the building’s substructure, superstructure, internal 
finishes, etc. in the ‘design section’ using the ‘add template tool’, which are 
needed for the life cycle impact calculation.  
 Finally, a report for each design option is generated in the ‘design section report 
tab’. Here, the availability of each design option or a comparison of different 
design options, e.g. embodied energy, global warming, etc. is also present. 
 
Figure 26. Screenshot of selecting substructure and superstructure in e-Tool 
 (Source: eTool, Author) 
 
Life cycle assessment using eTool is fast and accurate, estimating embodied energy and 
global emissions of all the materials used in building construction. It also provides a 
choice of materials that can be edited or can be used from the data stored in the eTool. 
The life cycle assessment study has been undertaken for embodied energy and global 
warming. Energy used in all phases of construction, transport, end of life, recurring and 
other has been considered. It also considers the life span of each material.  
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CHAPTER 4: RESULTS 
 
4.1 Building Estimation Cost Using Excel 
 
Based on the research study carried out in four different design options, an approximate 
total cost estimation is calculated for each design options using Excel spread sheet 
shown in Table 10. 
For basic construction, the essential element of a building is its substructure and 
superstructure. So the cost estimation only included substructure, superstructure and 
labour charge of materials.  Other extra charges such as plumbing, fencing, landscaping, 
preliminary works, internal finishes and other charges are not included.  
 
Total cost estimation can be obtained using Equation 1, section 3.5 on p.28. The cost 
($ /m2) of each material is multiplied with area (m2) for deriving cost estimate and then 
adding together to get the total cost. Please refer Table 23 to 27 (Appendix A). 
  
Table 10. A Table summarising the total cost estimation of four different design options 
calculated using Microsoft Excel spread sheet. 
(Source: Table 23 to 27, Appendix A) 
No Options Cost ($) 
1 Clay fired Brick  194,400 
2 Steel Frame with Metal cladding 206,400 
3 Precast Concrete 217,200 
4 Timber 191,200 
 
In the construction cost as shown in Figure 28, a precast concrete house’s total 
estimated cost is high due to the high cost of concrete panel. The estimated total cost is 
also high for steel house, despite the minimal use of wall cladding compared to other 
three design options. The timber house is economically feasible due to its cheaper price 
(Reardon 2013); also, clay fired brick is also cheaper due to its lower maintenance 
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(Downton 2013). It is good to note that timber house show the least cost among the 
other three options. Considering economically and environmentally feasible house, 
timber house shows the better choice (Figure 27). 
 
 
Figure 27. Cost comparison of different design options. 








The embodied energy of selected design options was estimated by entering the 
quantities of basic elements such as substructure and superstructure into a Microsoft 
Excel spread sheet. The area of each quantity (m2) is multiplied by the thickness of 
each quantity to find out the volume (m3). The volume is multiplied by the density of 
each quantity (materials) to get the mass of the material (kg). The embodied energy of 
each quantity can be obtained using the multiplied mass of each quantity with each 
embodied energy coefficient (MJ/kg). Total embodied energy can be obtained by 
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adding all the embodied energy values. However, this case study’s focus is on four 
different materials and other materials included in substructure and superstructure. The 
embodied energy of material can be obtained using Equation 2, on p.28. Embodied 
energy calculation and results of four different design options is shown in Table 23 to 
27 (Appendix A). 
 Table 11. A Table summarising calculated embodied energy values for all four 
different design options 
 (Source: Table 23 to 27, Appendix A) 
Materials EE in GJ 
Clay fired Bricks 585.2 
Steel 554.7 




The analysis showed that, among the four different design options, this study found that 
the clay fired brick house had the highest embodied energy of 585.2 GJ. The timber 
house contributed 201.2GJ that is 65% less than the clay fired brick house building. 
Design option 2, the steel-framed with metal cladding house had 554.7 GJ embodied 
energy that is 63% higher than timber house materials. Design option 3, precast 
concrete  contributed 414.1GJ embodied energy, 51% higher than the timber house 
materials. This is a good approach to understand and to reduce the embodied energy in 
building construction. This study found that clay fired brick and steel were the largest 
embodied energy contributors. This project found that some sustainable alternatives 
fixtures like glass operable walls  contribute to embodied energy. Timber materials still 
require some energy for manufacturing and transportation. However, more use of 




Figure 28. Embodied energy of comparison of different design options materials. 
 (Source: Table 11, Author) 
 
From the above calculated results of cost and embodied energy using Excel, Timber 












A brief comparison of cost and Embodied Energy comparison of Clay fired brick 
house with steel roof and Clay fired brick house with terracotta tile roof house 
(Microsoft Excel spread sheet 2010). 
 
Figure 29.  Comparison of total cost & embodied energy comparison results of design 
option 1 with different roof material. 
 (Source: Table 23 and 27, Appendix A) 
 
Figure 29 shows, comparison of total cost and embodied energy results of clay fired 
brick with steel roof and clay fired brick with terracotta roof (Design option 1). Clay 
fired brick with steel roof house shows highest embodied energy result compared to 
clay fired brick with terracotta roof house (Design option 1).This is due to embodied 
energy of steel (38MJ/kg) is higher than terracotta tile (2.5MJ/kg) (Table 23 and Table 




4.3 IES-VE Results 
As mentioned in the methodology chapter, among the given IES-VE applications 
selected options by the software, 3D modelling, SunCast and Apache were used in this 
thesis. 
 4.3.1 Results of the 3D Modelling Drawings of Four Different Design 
Options. 
 
Figure 30 to 33 below gives a 3D model of the four different design options for the 
single residential houses used for this study’s thermal analysis. The quantities and 
elements were taken from the case study house plan such as doors, walls, material 
textures all included. The material textures and specifications are provided for four 





Figure 30. 3D image of a Clay fired brick house. 
 (Source: Author, IES-VE 2017) 
     
   
 
Figure 31. 3D image of a Metal clad house. 
 (Source: Author, IES-VE 2017) 




Figure 32. 3D image of a Precast concrete house.  
(Source: Author, IES-VE 2017)  
  
 
Figure 33. 3D image of a timber clad house. 
 (Source: Author, IES-VE 2017)  
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4.4 Solar shading analysis using SunCast  
 
The Figure 34, provides information about the sunrise and sunset hours and the 
respective azimuth angle of the sun for the Perth location of the proposed single 
residential house. The information along with the sun path diagram for the coordinates 
of the location generated by the IES-VE software is given in Figure 34. The SunCast 
results shown below in Figure 34, demonstrate how much solar light is received on the 
house, and this result is used in the Apache thermal analysis of the building (IES-VE 
2017). 
 The solar radiation can be viewed using SunCast module in IES-VE Software. Thermal 
simulation can be carried out using solar shading calculation to determine the impact on 
heating and cooling energy as explained in the methodology section. Figure 34 shows 
that the highest solar radiation is received from November to February between 
11:00a.m and 14:00p.m hours, whereas less solar radiation is received on the model 
surfaces in the months of May, June, July and August.  
 
Figure 34. Sun path for the single-family house 3D model design option 
(Source: Author, IES-VE 2017) 
 
Through the application of IES-VE software, the effect of solar shading using Suncast 
is shown below Figure 35. An analysis reveals that the north façade area (case study 
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house) receives 2456.30kWh/m2 solar irradiation level, meaning 8842.68 MJ/m2 
(1KWh/m2) is (3.6MJ/m2). Analysis of the south-east wall (case study house) is 
shaded; hence, the south area receives 424.72kWh/m2 (1528MJ/m2), and the east area 
(case study house) receives 1643.67kWh/m2 (5917.21 MJ/m2 ) solar radiation level. 
Analysis of west facade area of case study house receives 1237.35kWh/m2 
(4454.46MJ/m2) solar radiation level. The house design and partitions of the single 
residential house have been made in consideration of utilising the maximum possible 
solar radiation in each season. The house is in an east-west direction. The living room, 
kitchen, bedroom and large windows are located in the north to utilise the maximum 
possible solar radiation. The east-facing windows are minimal in this house; also, in 
winter, solar radiation is much less. The southern windows of the house are also small 
because of the possibility of heat loss during winter. The west windows are also kept 
minimal due to afternoon sun and the difficulty of shading (Synergy 2016). 
 
 
Figure 35.  Sun path for the single-family house 3D model design option. 




4.5 Apache Thermal Calculation and Simulation Results 
 
The outside weather is an important driving force affecting thermal conditions in a 
house. The thermal simulation using Apache was done for finding the air temperature 
inside the house for the selected period as shown below in Table 12.  In the Apache 
thermal simulation, air temperature inside the house is considered for identifying how 
much heating, cooling and natural ventilation is required for the house. As we see in the 
below graph, temperature conditions were moderate because assumes the temperature is 
calculated for closed house (doors and windows are closed). The steel-cladded house 
shows lowest temperature and highest temperature. Precast concrete shows highest 
minimum air temperature. From this, we can understand how much heating and cooling 
is required for this type of house.   
Table 12. Thermal simulation results for all four different design options (Assume all 
doors and windows are closed). (Source: Table 33 to 36, Author, IES-VE 2017) 
 






Clay fired brick 8.27 46.29 28.14 
Steel  6.63 49.3 28.06 
Pre cast concrete 9.52 44.17 28.02 
Timber 6.91 48.67 28.07 
 
We can see that the highest level of direct air temperature appears in March and the 
lowest level of air temperature inside case study house reaches in June, July and 
August. So, based upon solar shading analysis result using, SunCast, Apache thermal 




4.6 Life-Cycle Assessment  
 
The eTool calculate the whole life cycle assessment of a building material such as 
manufacturing, transportation, end of life, disposal of the building materials. 
The Embodied energy and global warming associated with transportation, construction, 
and the end of life.  
Based on the study carried out on four design options shown below in Figure 36, the 
design option for the timber has the highest embodied energy, 1504 GJ. The embodied 
energy of design option of steel is the lowest, 1098GJ, followed by the design option 
for clay fired brick with the value of 1207GJ and precast concrete with the value of 
1401GJ. The lower embodied energy of design option of steel is due to the steel frame 
with metal cladding which is lightweight, fully recyclable, low transportation cost and 
less maintenance (personal communication with the eTool staff 2017). Furthermore, 
except the wall materials, the windows, floorings, doors, glass operable walls and roofs 
are considered as the same for all design options. For analysing differences in 
greenhouse gas emissions (GHG) and embodied energy by using same materials except 
wall materials in its construction for considering the differences of houses in its. 
Operational  energy such as heating and cooling, appliances, lighting, refrigerator, etc. 
are not included in this calculation. 
Calculated global warming results show that timber is the least 61,828 kgCO2  
compared to other three different design options and precast concrete is the highest with 
100,110kgCO2. The second-highest carbon emission shows clay fired brick 
77,863  kgCO2 and the second least is steel 64,214 kgCO2 . Timber is least in carbon 
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emission, meaning the least effect on global warming. Please refer the calculated value 
(eTool) (Table 37 to 44, Appendix C) 
 
Table 13. Life Cycle Assessment results using eTool for all four different options. 
 (Source: Table 37to 44, Appendix C. Author, IES-VE 2017) 
 
Materials Global Warming (KgCo2-eq) Embodied Energy(GJ) 
Clay fired brick 77,863 1,207 
Steel 64,214 1098 
Precast concrete 100,110 1,401 
Timber 61,828 1,504 
 
 
Figure 36. Comparisons of Embodied energy and Global warming eTool results of four 
different design options. 
 (Source: Table 13, Author, IES-VE 2017) 
 
From Figure 36, it can be stated that embodied energy is high in timber (Design option 
4) when it is compared with other different design options. Further, global warming is 























































4.7 Design Guidelines  
This part of the document provides design guidelines for building materials for 
residential buildings. There are some environmental aspects that need to be protected in 
future residential development. 
• To minimise GHG (greenhouse gas emissions) from new  residential development. 
 • To provide environmentally, economically, and socially viable options to energy     
efficient design.  
 
Building Orientation  
 Design Objectives 
• To maximise opportunities for passive solar design through the orientation of 
buildings.  
Guidelines 
Orientate buildings in an east-west or north – south direction. The living room, kitchen, 
bedroom and large windows are located in the north to utilise the maximum possible 
solar radiation.  
Consider east-facing windows minimal in this house; also, in winter, solar radiation is 
much less. 
The southern windows of the house keep small because of the possibility of heat loss 
during winter. 
 The west windows kept minimal due to afternoon sun and the difficulty of shading. 
 
Building Materials  
Objectives 
 Material selection should also take into account for determining the viable option of 
sustainability, for example, the embodied energy and GHG emissions required in the 
production of the material. 
Guidelines 
 Consider building materials such as light weight framed timber, steel and minimal 
concrete for floors, walls and roof, can contribute to good comfort and environmental 
performance. It is also good thermal insulator. 
57 
 
Consider Multi-residential timber framed construction (MRTFC), a new innovative 
product for light weight framing, fire and sound- rated timber. It is cost-effective and 
low mass housing solution.   
Avoid the excessive use of high embodied energy precast concrete walls and clay fired 
bricks. 
External finishes should be of low reflectivity to minimise glare and reflection.  
Consider Double glazed windows, an energy efficient choice. It acts as an excellent 
insulator for heat loss and heat gain. 
 Consider reflective or bulk Insulation such as glass wool, earth wool to reduce 
condensation on roof and thermal insulation for walls.  
Consider plasterboard for ceiling linings which is recyclable, fire resistant, low 




 • To minimise the environmental impact of roofing and structural support to timber 
framed house. 
 Guidelines  
Consider colorbond (metal) roof forms to provide structural support to the light weight 












CHAPTER 5: DISCUSSION 
 
 
The aim of this study was to analyse the feasibility of sustainable housing for a Western 
Australian community using thermal simulation and life cycle assessment tools. The 
cost estimation was done using Excel spread sheet (Appendix A), 3D modelling and 
thermal simulation of model house was done by IES-VE building software(Appendix 
B) and a life cycle assessment of building materials(Appendix C) for different design 
options was done using eTool. The cost estimation and embodied energy calculation 
results are summarised in the Results section, Tables 10 and 11. 
The 3D modelling is also summarised in Figure 30 to 33. Thermal simulations can be 
obtained from the Apache results in Table 12 and the life cycle assessment of different 
design option houses also can be obtained from the eTool results in Table 13. 
Studies have analysed four different design options in order to obtain the best possible 
results concerning material quality differences, cost, embodied energy and global 
warming including different roof material (e.g., terracotta) in order to understand the 
difference between steel-ribbed decking, colour-coated and timber-framed terracotta 
roof tile (Appendix A). 
From the above calculations and estimated results, the researcher observed that there is 
a lot of variation in the results among Excel embodied energy results and eTool 







For analysing and understanding the differences between the two different roof 
materials, a steel roof and terracotta with four different design options are shown below 
in Table 14. Also, some variations in cost and embodied energy differences of a steel 
roof house and a terracotta roof tile house could be noticed. A timber-cladded house 
with a steel roof shows the least cost; this could be that a terracotta roof tile is more 
costly than a steel roof tile that is $191,200 (Rawlinson Construction Handbook).  
 
 
Table 14. Total cost calculation result using Excel spread sheet for all four different 
options. 
 (Source: Table 23 to 27, Appendix A) 
Materials Cost of Steel roof house($) Cost of Terracotta tile roof house($) 
Clay fired Brick 194,400 194,600 
Steel 206,400 206,600 
Precast concrete 217,200 217,400 
Timber 191,200 191,400 
 
 
Timber-cladded houses with a terracotta roof show the least embodied energy: 139GJ. 
This could be because the density of a terracotta roof tile is 1200kg/m3 and the 
embodied energy is 2.5MJ/kg; compared to a steel roof, steel’s density is 8050kg/m3 
and the embodied energy is 38MJ/kg. Further, the total cost of precast concrete is 
highest when compared with other materials. On the other hand, the total cost of Timber 
house is lowest as per the Table 14 given above. Further, the cost for the Terracotta tile 





Table 15. Embodied Energy results using Excel spread sheet for four different options.  
(Source: Table 23 to 27, Appendix A) 
Materials Embodied Energy  of steel 
roof house (GJ) 
Embodied energy of Terracotta 
roof tile(GJ) 
Clay fired Brick 585.2 523 
Steel 554.7 492.5 
Pre cast concrete 414.1 351.9 




In this project, a comparison of global warming and embodied energy calculation using 
eTool is also described. Using a thorough study and findings from the extant literature, 
the researcher determined the embodied energy calculations using eTool and calculated 
the whole life cycle assessment of all the materials, such as products, end of life, 
recurring and transport. In contrast, a whole life cycle assessment calculation using 
Excel spread sheet is a complex task; therefore, material-embodied energy calculation 
was done using volume (m3) × density (kg/m3) × embodied energy coefficient (MJ/kg) 
in Excel spread sheet. 
 Terracotta roof tiles only have a 64-year life span, compared to a steel roof’s 150-year 
life span (eTool 2017). That means a terracotta roof tile need more recurring costs 
compared to a steel roof, so the embodied energy is higher. A timber frame also needs 
more maintenance via termite attack, fire safety or replacement of materials compared 






Table 16.  Embodied energy calculation results for two different roof materials using 
eTool for all four different design options.  





In terms of global warming, timber houses show the least carbon emission compared to 
all other different design options, and the highest is precast concrete with a terracotta 
roof tile: 104,164 kgCO2 − eq.  
  
 
Table 17. Global warming calculation   results for two different roof materials using 
eTool for all four different design options. 
(Source:Author, Appendix C) 
 
Materials Global warming of Steel 
roof house(kg𝐂𝐎𝟐-eq) 
Global warming of Terracotta 
roof house(kg𝐂𝐎𝟐-eq) 
Clay fired brick 77,863 81,917 
Steel 64,214 68,268 
Precast Concrete 100,110 104,164 
Timber 61,828 65,882 
 
 
To better visualise the differences in embodied energy of a steel wall house and the 
embodied energy of a timber wall house, the products, end of life, recurring, 
construction and transport are described below. 
The embodied energy of a timber-cladding house is higher than a steel house, showing 
23% more recurring compared to a steel-cladding house. Materials are higher in a steel 
wall compared to a timber wall, but end of life, construction and transport are almost 
same in the two graphs Figure 37 and Figure 38 (eTool results).  
Materials Embodied Energy of  
Steel roof house (GJ) 
EmbodiedEnergyof  
Terracotta roof house (GJ) 
Clay fired brick 1207 1262 
Steel 1098 1153 
Precast Concrete 1401 1456 
Timber 1504 1559 
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This is due to a number of factors such as construction waste, material life, disposal and 
recovery method. 
Construction Waste  
Construction waste is assumed to be 5% for steel as steel members are crafted and 
ordered with specific lengths and connections which allow them to be installed quite 
readily onsite. Timber construction will involve a carpenter onsite who will modify 
parts to fit specific needs. Modifications will be made through sawing or sanding which 
accounts for 10% more construction waste produced by timber. When any type of 
activities that are set for construction, there are situations in relation with waste is 
occurred and these wastage can be determined to be losses that are faced. It is important 
to make sure that proper steps are considered through which the rate of wastage can be 
reduced. In this context, the steel is the only materials that can be recycled 100 % 




Steel is estimated to have a higher material life as it does not readily decompose and 
will not require long-term treatments to retain its durability (assumed replacement after 
150 years). Timber will, however, need regular treatments to withstand rot or termite 
treatments and will need to be replaced within an estimated time frame of 69 
years. When compared with all the other construction materials, it can be stated that 






Disposal and Recovery Method (end of life) 
 
More than 95% of structural steel can recover, reused or recycled at the end of building 
life. eTool has used the assumption wherein 80% of steel is recycled while the 
remaining 20% is directed to landfill. All the other construction materials are difficult to 
recycle. In this context, clay fired bricks are the one that causes serious issues with 
respect, to recycling. This material is made from clay and it is difficult to handle as 
when it falls, then high damage is caused. In this context, it becomes highly difficult to 
recycle (eTool 2017). 
Timber is a more difficult product to recover and reuse structurally as parts tend to lose 
their structural integrity through paints, adhesives and damage through demolition. 
eTool has estimated that 100% of timber is directed to a wood landfill (eTool 2017). 
 
 
Figure 37. Embodied energy calculation results of a steel wall using eTool 
 (Source: Table 40, Appendix C)  
      





   
Figure 38. Embodied energy calculation results of a timber wall using eTool 
 (Source: Table 44, Appendix C) 
                
 
Figure 39 and Figure 40 below shows the carbon footprint, expressed as Global 
Warming Potential (GWP) measured in kgCO2eq, of the steel wall house compared to a 
timber wall house. Given all the materials and services involved in products, end of life, 
recurring, construction, transport fabricating, the timber wall house produces the least 
carbon, 38% compared to a steel-framed house see (Appendix C)  
 
.  
Figure 39. Global warming calculation results of a steel wall house using eTool. 







Figure 40. Global warming calculation results of a timber wall house using eTool. 
(Source: Table 43 Appendix C) 
 
 
Unlike the timber house’s embodied energy value described by other authors (Monahan 
and Powell, 2011), the embodied energy calculation results for timber house using 
eTool had a high value (Table 13) compared to other three different design options.  
The probability and possibilities of higher embodied energy of a timber-walled material 
house in eTool could be a selection of a timber template (eTool 2017) as weather board 
hardwood cladding. One may also select a steel frame instead of a timber frame in a 
timber-cladding house, so there is some possibility of reducing the embodied energy 
value in eTool; it would be a fair comparison. 
Solar shading analysis for the whole building determines the maximum and minimum 
solar radiation received on the building surface for whole year or a specific period. This 
also helps to determine suitable locations for solar PV as well as possible design models 
to increase solar access. Heating, cooling, ventilation and air conditioning requirements 
of rooms can be calculated using Apache thermal calculation (IES-VE 2017). 
66 
 
CHAPTER 6: CONCLUSION AND FUTURE 
RESEARCH OPPURTUNITY. 
 
Eco-friendly building materials are uncommon in urban housing development. State 
governments, communities and the construction industry need to have a better 
understanding of the material’s embodied energies and create initiatives to use 
sustainable materials. The research presented here is a stepping stone to creating more 
sustainable houses in Western Australia. Further research should be used to inform 
consumers about the environmental impact of different products, as well as increase 
awareness of the sustainable materials used globally.  
The conclusion from this study: 
 Timber framed with steel ribbed decking colour coated roof (Design option 4)  
shows economically feasible and environmentally friendly compared to all other 
three design options (Table 10 and 11), as obtained from Excel Spreadsheet 
calculation results in this study. 
 Timber framed with steel ribbed decking colour coated (Design option 4) shows 
less GHG emission which environmentally friendly but high Embodied energy 
(eTool results, Table 13) compared to other three different design options. This 
(Timber wall house) is due to maintenance, manufacturing and transportation 
(Figure 38 and 40) (Personal communication with eTool staff). 
 The 3D model house plan was converted to energy model house using IES-VE 
tool bars for simulation purpose. The simulated values are used in SunCast and 




This study has proven that the Timber framed with steel ribbed decking colour coated 
roof (Design option 4) is more cost effective and less GHG emission. However, the 
embodied energy value of timber house is high, in eTool results. Therefore, need a 
further research on Timber template (eTool), a life cycle assessment tool. Although 
timber could face some termite attacks and fire risk, timber is a renewable building 
material and a natural insulator. Moreover, it takes and stores carbon from the 
atmosphere. As per the building code of Australia, a lightweight framed house such as 
timber and steel could bring comfort and environmental performance (Reardon 2013). 
A timber-framed steel-ribbed decking and colour-coated roof completes the house. 
 
Nowadays, innovative timber-framed wall products are used in multi-residential house 
which help to reduce fires and sound risks. Multi-residential timber-framed construction 
walls are very cost effective, have low thermal mass, and respond quickly to climate 
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Table 18. Materials R- values (Source: Author, adapted from various sources) 
Material R-value 
Clay-fire Brick 0.80 
Timber 1.35 




Table 19. Material Densities (Source: Author adapted from various sources). 
Materials Density(kg/m^3) 












square metre  
in ($) 




Precast Concrete 345 
 
 
Table 21. Materials’ Local Availability (Source: Author) 
Materials Suppliers Suppliers 
Concrete Boral BGC 
Bricks Midland Bricks Austral Bricks 
Timber Wesbeam Austim 






    Table 22. Advantage of building materials(Source: Author) 
Material Advantages 
Clay Fire Brick (Double 
layer brick) 
High thermal mass, Low maintenance. 
Steel Recyclable. 
Precast Concrete High thermal mass, minimal waste, speed of 
construction 
Timber Biodegradable product, low embodied energy 




Glass wool (R 1.5) It act as a insulation and vapour barrier inside 
cladded house 




It act as a sound proof, insulator, energy efficient 
Fully glazed operable 
wall 
Energy efficient. 
Standard timber door Biodegradable product 
Ceiling Lining(12mm 
Plaster board) 
Low embodied energy 
 
Table 23. Cost and Embodied Energy calculation of Clay fired brick house using 
Microsoft Excel (Source: Author). 
 
Table 24. Cost and Embodied Energy Calculation of steel frame with Metal cladding 
house using Microsoft Excel (Source: Author). 
 


















External  wall area(Double brick, 270mm ) 227 150.8 34231.6 0.27 40.72 1900 77360.4 2.5 193401.0
External wall Insulation(glasswool R1.5,  50mm) 9.5 150.8 1432.6 0.05 7.54 20 150.8 28 4222.4
Internal seprating walls(110mm) 112.2 122.9 13789.4 0.11 13.52 1900 25686.1 2.5 64215.3
 Flooring concrete 100mm thickness 64.7 163.1 10552.6 0.1 16.31 2400 39144.0 1.9 74373.6
Total Roofing (Timber framed steel ribbed ) 256 187.7 48051.2 0.00075 0.14 8050 1133.2 38 43063.1
Roofing Insulation(glasswool R4) 15.35 163.1 2503.6 0.215 35.07 20 701.3 28 19637.2
Ceiling Lining(12mm PB) 47.5 163.1 7747.3 0.012 1.96 668 1307.4 4.4 5752.6
Internal wall outside cement rendering 40.9 122.9 5026.6 0.013 1.60 1150 1837.4 5.6 10289.2
Internal  wall inside cement rendering 40.9 122.9 5026.6 0.013 1.60 1150 1837.4 5.6 10289.2
External wall inside cement  rendering 40.9 150.8 6167.7 0.013 1.96 1150 2254.5 5.6 12625.0
Timber  hardboard floor finish 5.5mm 31.1 163.1 5072.4 0.055 8.97 500 4485.3 24.2 108543.1
Painting(Internal walls)(Acrylic,latex) 11.35 396.6 4501.4 0.001 0.40 1150 456.1 61.5 28049.5
Fully  glazed  operable walls 1750 13.7 23975.0 0.01 0.14 2580 353.5 12.7 4488.9
Double glazed windows(1m^2) 760 27.9 21204.0 0.006 0.17 2580 431.9 12.7 5485.0
Standard timber door (Nos) 645 8 5160.0 0.03 0.24 380 91.2 8.5 775.2
Total 4052.4 194441.9 585210.3


















External wall steel  frame (75*32mm studs at  450mm) 56.3 150.8 8490.0 0.005 0.75 8050 6069.7 20.1 122001.0
 External wall inside sheet metal cladding( 0.75 mm galvanised steel ) 133 150.8 20056.4 0.00075 0.11 8050 910.5 20.1 18300.1
External wall outside  sheet metal cladding(0.75 mm galvanised steel) 133 150.8 20056.4 0.00075 0.11 8050 910.5 20.1 18300.1
External wall Insulation(Glasswool R1.5, 50 mm) 9.5 150.8 1432.6 0.05 7.54 20 150.8 28 4222.4
Internal  wall  steel frame (75*32mm studs at  600mm) 52.1 122.9 6403.1 0.005 0.61 8050 4946.7 20.1 99429.2
Internal wall  inside sheet metal cladding (0.75 mm galvanised steel) 133 122.9 16345.7 0.00075 0.09 8050 742.0 20.1 14914.4
Internal wall outside sheet metal cladding (0.75 mm galvanised steel) 133 122.9 16345.7 0.00075 0.09 8050 742.0 20.1 14914.4
Internal wall insulation(Glasswool R1.5, 50mm) 9.5 122.9 1167.6 0.00075 0.09 20 1.8 28 51.6
Flooring  concrete 100mm thickness 64.7 163.1 10552.6 0.1 16.31 2400 39144.0 1.9 74373.6
Timber hardboard floor finish 5.5mm 31.1 163.1 5072.4 0.055 8.97 500 4485.3 24.2 108543.1
Total Roofing(Timber framed steel ribbed) 256 187.7 48051.2 0.00075 0.14 8050 1133.2 38 43063.1
Roofing Insulation(glasswool R4) 15.35 163.1 2503.6 0.215 35.07 20 701.3 28 19637.2
Ceiling Lining(12mm PB) 47.5 163.1 7747.3 0.012 1.96 668 1307.4 4.4 5752.6
Fully glazed operable walls 1750 12 21000.0 0.01 0.12 2580 309.6 12.7 3931.9
Double glazed windows 760 27.9 21204.0 0.006 0.17 2580 431.9 12.7 5485.0
Standard timber doors 645 8 0.03 0.24 380 91.2 8.5 775.2
Total 4229.05 206428.5 553694.9
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Table 25. Cost and Embodied Energy calculation of Precast Concrete house using 
Microsoft Excel (Source: Author). 
 
 
 Table 26. Cost and Embodied Energy Calculation of Timber house using Microsoft 
Excel (Source: Author). 
 
  
Table 27. Cost and Embodied Energy calculation of Terracotta roof tile with clay fired 
























Precast-concrete External  walls 200mm 345 150.8 52026.0 0.2 30.16 2400 72384.0 1.9 137529.6
Precast concrete Internal walls 150mm 297 122.9 36501.3 0.15 18.44 2400 44244.0 1.9 84063.6
 Flooring Concrete 100mm thicknesss 64.7 163.1 10552.6 0.1 16.31 2400 39144.0 1.9 74373.6
Timber hardboard floor finish 5.5mm 31.1 163.1 5072.4 0.0055 0.90 500 448.5 24.2 10854.3
Total Roofing(Timber frame steel ribbed) 256 187.7 48051.2 0.00075 0.14 8050 1133.2 38 43063.1
Roofing Insulation(glasswool R4) 15.35 163.1 2503.6 0.215 35.07 20 701.3 28 19637.2
Ceiling Lining(12mm PB) 47.5 163.1 7747.3 0.012 1.96 668 1307.4 4.4 5752.6
Painting(Internal walls) 11.35 396.6 4501.4 0.001 0.40 1150 456.1 61.5 28049.5
Fully glazed operable walls 1750 13.7 23975.0 0.01 0.14 2580 353.5 12.7 4488.9
Double glazed windows 760 27.9 21204.0 0.006 0.17 2580 431.9 12.7 5485.0
Standard timber Doors 645 8 5160.0 0.03 0.24 380 91.2 8.5 775.2
Total 4223 217294.7 414072.7


















External wall Timber frame 100*50mm 52.9 150.8 7977.3 0.005 0.75 840 633.4 2 1266.7
External wall outside cladding ( Hardwood cladding 25mm) 96.5 150.8 14552.2 0.025 3.77 840 3166.8 2 6333.6
External wall inside  cladding (Hardwood  25mm thick) 89.8 150.8 13541.8 0.025 3.77 840 3166.8 2 6333.6
External wall insulation(Glasswool R1.5, 75mm) 10.2 150.8 1538.2 0.075 11.31 20 226.2 28 6333.6
Internal wall framing 100*38 mm 48.4 122.9 5948.4 0.005 0.61 840 516.2 2 1032.4
Internal wall outside cladding (Hardwood 25mm thick) 89.8 122.9 11036.4 0.025 3.07 840 2580.9 2 5161.8
Internal wall inside cladding(Hardwood 25 mm thick) 89.8 122.9 11036.4 0.025 3.07 840 2580.9 2 5161.8
Internal wall insulation(Glasswool R1.5, 75mm) 10.2 122.9 1253.6 0.075 9.22 20 184.4 28 5161.8
Total Roofing(Timber framed steel ribbed) 256 187.7 48051.2 0.00075 0.14 8050 1133.2 38 43063.1
Roofing Insulation(glasswool R4) 15.35 163.1 2503.6 0.215 35.07 20 701.3 28 19637.2
Ceiling Lining(12mm PB) 47.5 163.1 7747.3 0.012 1.96 668 1307.4 4.4 5752.6
Flooring concrete 100 mm thickness 64.7 163.1 10552.6 0.1 16.31 2400 39144.0 1.9 74373.6
Timber hardboard floor finish 5.5mm 31.1 163.1 5072.4 0.0055 0.90 500 448.5 24.2 10854.3
Fully glazed operable walls 1750 13.7 23975.0 0.01 0.14 2580 353.5 12.7 4488.9
Double glazed windows 760 27.9 21204.0 0.006 0.17 2580 431.9 12.7 5485.0
Standard timber doors 654 8 5232.0 0.03 0.24 380 91.2 8.5 775.2
Total 4066.25 191222.3 201215.3


















External  wall area(Double brick, 270mm ) 227 150.8 34231.6 0.27 40.72 1900 77360.4 2.5 193401.0
External wall Insulation(glasswool R1.5,  50mm) 9.5 150.8 1432.6 0.05 7.54 20 150.8 28 4222.4
Internal seprating walls(110mm) 112.2 122.9 13789.4 0.11 13.52 1900 25686.1 2.5 64215.3
 Flooring concrete 100mm thickness 64.7 163.1 10552.6 0.1 16.31 2400 39144.0 1.9 74373.6
Total Roofing (Timber framed terracotta tiles ) 257 187.7 48238.9 0.02 3.75 1200 4504.8 2.5 11262.0
Roofing Insulation(glasswool R4) 15.35 163.1 2503.6 0.215 35.07 20 701.3 28 19637.2
Ceiling Lining(12mm PB) 47.5 163.1 7747.3 0.012 1.96 668 1307.4 4.4 5752.6
Internal wall outside cement rendering 40.9 122.9 5026.6 0.013 1.60 1150 1837.4 5.6 10289.2
Internal  wall inside cement rendering 40.9 122.9 5026.6 0.013 1.60 1150 1837.4 5.6 10289.2
External wall inside cement  rendering 40.9 150.8 6167.7 0.013 1.96 1150 2254.5 5.6 12625.0
Timber  hardboard floor finish 5.5mm 31.1 163.1 5072.4 0.055 8.97 500 4485.3 24.2 108543.1
Painting(Internal walls)(Acrylic,latex) 11.35 396.6 4501.4 0.001 0.40 1150 456.1 61.5 28049.5
Fully  glazed  operable walls 1750 13.7 23975.0 0.01 0.14 2580 353.5 12.7 4488.9
Double glazed windows(1m^2) 760 27.9 21204.0 0.006 0.17 2580 431.9 12.7 5485.0
Standard timber door (Nos) 645 8 5160.0 0.03 0.24 380 91.2 8.5 775.2
Total 4053.4 194629.6 553409.2
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Appendix B  
IES-VE  
 
Table 28. Data from IES-VE for Clay fired Brick House (Source: Author). 
 





Table 30. Data from IES-VE for Precast Concrete (Source: Author). 
 
 









Data from IES-VE Thermal calculation using Apache 
Table 33. Air temperature of clay fired brick wall house (Source: Author). 
 
 
Table 34 Air temperature of Timberwall house (Source: Author). 
 
Table 35. Air temperature of precast concrete wall house (Source: Author). 
 
 









Figure 41. Air temperature inside alfresco, portico and roof (all the other rooms) for the 
case study house 3D model design option. 

















Data /Result from eTool 
 




































Table 44. Timber Embodied energy (Source: Author). 
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